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EXCITED-STATE PROTON TRANSFER KINETICS lN I-NAPHTHOL COMPOUNDS

AND ORGANOMETALLIC COMPLEXES4

by
R*

S. L. Shapiro, K. R. Winn, and J. H. Clark

ABSTRACT

We report direct measurements of excited-state proton transfer kinetic
of l-naphthol compounds + organometallic complexes: sample purity iz
essential.

*
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Excited-State Proton Transfer Kinetics in l-naphthol Compounds and
Organometallic Complexes

S. L. Shapiro and K. R. Winn
University of California, Los Alamos Scientific Laboratory
Los Alamos, NM 87545

and

J. H. Clark
Dept. of Chemistry, University of California; and Materials and
Molecular Research Division, Lawrence Berkeley Laboratory
Berkeley, CA 94720

Upon photoexcitation numerous aromatic hydroxy compounds underqo ultrafast
pvoton transfer reactions in aqueous solution. Picosecond spectroscopy
offers the opportunity of modelling proton transfer in solution by measur-
ing the kinetic r~tes of similar aromatic derivatives as well as of a var-
iety di compounds. Because upon absorption of light quanta aromatic mole-
cules cal] became considerably more acidic due to the alteration of the
electronic strllcture, the dissociation constant for proton ejection may
change by many orders of magnitude. [1] For naphthol molecules in aqueous
solution the proton transfer to the neighboring water molecules may be
represented schematically as follows:

w Simplified ~chemat.ic of excited-state prutoll transfer in naphthol
compounds. Also possible are Ilorlradiativedeactivations induccclby il~tl’tl-
actions with protunb.

where k ~nd k represent the radiative and Imrlradiative decay rate!; for
the exc~ted n~~hthnl molecule (!?OII*),kf is thu deprotollatiorrrate, k
represents the l]ack~ard proton~tiotl rat.[’and v and v’ ar~ the ~missiu k
frequencies from the protunated ant! deprotunat~(l species, respcctiv~’ly,
Forstcr [2; tind Weller [3] have provid{pd thp e~~~nt.ial t.h~~~~~’~’ti~illgroull[i
work for proton transfer phenomena in th~ rlaphl.holcompound:,, Bwallb(’ till’
naphthols become much more acidic upon excitation, it is po%sihle t.oad,just
tne pH of the solution so that the only ground state s~]~cies pt’psent is



ROH. Tnen upon excitation with a picosecond pulse, the protonation kinet-
ics can be determined by ~bserving the disappearance of ROH* at frequency
v or the appearance of RO * at the red shifted frequency v’ by means of a
streak camera.

The dissociation of l-naphthol occurs so rapidly th~t the fluorescence
from the neutral form, ROH*, has been described as hardly noticeable. [4]
Apparently nearly all of the fluorescence originates from the naptholate
ion. Here we report on the proton transfer characteristics of a series of
l-naphthol compounds and also report preliminary data on proton transfer
in an organometallic complex of ruthenium,

Experimental Arrangement and S:,mple Preparation

Crucial to the success of the experiments and to their interpretation
are the sample preparation and purity. All samples were obtained from
LC Laboratories and were greater than 99.5% pure, Most importantly, all
naphthol samples were purified and stored under oxygen-free conditions,
Samples were prepared in a nitrogen box, and all solvents were thoroughly
degassed by undergoing successive freeze-tha~ cycles, As we shall see,
these procedures were necessary,

The experimental arrangement for detecting the temporal fluorescence char-
acteristics is shown in Fig. 2, A single 30 psec pulse is selected from

Fig,2 Experimental Arrangement tor M~asuring Rapid Protui~ ‘Transfer

the pulse train UI a Nd:YA(i nwdelocked !as~r, is am~)lified, and can be trLl-
quoflcy doubled, tri~lwl o~squadrupled with KDI’crystal~. “Ihenaphthol$ aro
excited with 266 nm radiation an(l thu organometi~llics arc excitd with 355
nm radiation, li(!ht.emitted by the samples is collectpd onto the slit of
a ti,ldlandPhotollics Phot.oct}roll11 streak camer,t. St,r.efi!!,art} imil!j~clcntb
an OMA, and inl!iviclualshot,s caIl he accumulated 011 a Nicolet 1074 signal
Gvorager by means Gf ~ precut’sor marker pulse. Ii+l! t.im~s of the protonM

ated bpec.i~s are ob!ained with a Curllinq 7-54 ~iltor And )’is~timcs of th~
deprot,onat.~clspecies with [iCornirlg 2-G? iilt,~r,



Naphtho”l Compounds: Experimental Results and Discussion

The experimental results for the transfer rates i~ l-naphthol and two of
its derivatives are summarized in Fig.3.

Fi .3
#-

Relaxation time for protonated species from I-naphthol ,
-naphthol -2-sulfoniite and l-naphthol -5-sulfonate.

Note that l-napnthol and two other l-naphthol derivatives dissociate
extremely rapidly. Kinetics of the rapid proton transfer indicate thzt
the excited state pK value (pK*) for all three derivatives is in the vicin-
ity of zero, Notice also that the dissociation rate fcr l-naphthol-2-sul-
!onate is slower than for the other two derivatives, Evidently, as one
might hav~ easily conjectured, an intramolecular hydrogen bond forms be-
tween the adjacent hodroxy and sulfonate groups, leading to a slowdown ill
the proton ejection rate in this derivative.

Our result in l-naphthol-2-sulfonate differs strikingly from that of
Zaitzev et al [5] who, using nanosecond techniques, reported that the
dissociation rate fol this compound is 5,4 x 10N sec.’ (1,85 ns), lt~ey
also reported that degas.ing of their solutions had no effect UpCIII the
kinetics. However, as cannot be over emphasized, the difference between
our measurement of 55 psec and other me~suremcnts indicating 1,85 ns can
easily be proven to be connected with sample impurity, Our sample, pre-
pared and stored under oxygen-free conditioll~, al~ddissolved in an oxyger~-
free solvent, yields a quite different result ~hen expo~ed to air. Expu-
sure of our l-naphthol -2-sulfunat.e solution< t,t)air produced i~n w 2 ns
component. within seconds. Withirl a matter of minut[j~ this longpr compor~-
ent dominates the chrorluscopy.

Similarly, a sample of l-na~]l~thf]l-?-s~ilfor~at[~that was obtained from
Eastman Kod~k, where no attempt ha:, been made to prevent exl)o:,ureto air
by the manuf~ctur’er and whic:h cor~tairl~~]us~il~lecontaminants fig irldicatcd
by discolor,ition, yields UI Iy ii loIIq comllol~t’r~t.in thu t,~mporal dl]mi~in,
also a few nsm



Exposure tu air also affects the data from ultrapure l-naphthol-5-sul fo-
nate, where a long component also quickly develops. On the other hand, we
have found that samples of 2-naphthol-6-sulfonate, reported upon previously,
do not appear to be’affected by”air, judging from”the” kinetics.

For the case of l-naphthol, Martynov et al. [6] estimated a d-~ssociat”
rate of > 3 x 109 see-l. Our measurement of 25 A 10 ps is in accord w
their limit.

We also have observed a deactivation of the deprotonated species d~e
interaction with hydronium ions. The lifetime of the deprotonated spec”

on
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to
es

varies from nanoseconds to picosecond with pi+, and the values are in ac-
cord with the quantum efficiencies reported by Weller [31.

Previously, we suggested that by using intense laser pulses, the pH of a
solution may be manipulated in an analogous fashion as the temperature in
a T-jump experim~nt.[7] This might allow the stlldy of rapid acid base
reactions by a pH jump technique. [7,8] The rapid deprotonation of the
I-aaphthol compounds demonstrates that the pH of a solution may be mani-
pulated on a time scale of less than 20 ps. This rapid rate, the fastest
intermolecular proton transfer process observed tc date, offers the possi-
bility of inducing very large and rapid pH jumps, for studying rapid chem-
ical reactions.

Proton Transfer in an Organometallic Complex of Ruthenium

Figure 4 shows the schematic for the ~roton tran;fer reaction for
the organometallic complex (2,2’ bipyridi ne)1Ru(4,7-di hydroxy-l ,10 phenall-
throline). The decay times for this fluorescence of the protonated and
deprotonated forms of t;~is complex in nondegassed s?lutions are also
plotted as a function of pH. The protonated form decays in about 200 ns
at pH 10. Previous stddies by Bock et al [9] indicate Lllat between pH 5
and pH 2.5, the protonated form will be the main species present in th~
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lifetirnc clf protonated
triangles) tlncideprotonat~d

(circles) species of an orqano-
met.iillicruthenium complex.



ground state. Upon excitation between these pH values, we could then
expect to observe a risetime c~rresponcling to the formation of the depro-
tonated species. Because of the insensitivity of the streak camera at a
wavelength of 800 nm, we have estimated that this risetime is less than
5 ns by using photomultiplier techniques. We are presently studying
organometallic proton transfer processes from complexes that emit more
toward the visibl~ region.
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